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Introduction I 

subject (see Perry (mo) rw an -&ive ust), it might be thought the 

height of peaantry to perfonu yet  another. Eowever, it is felt that several 

I good reasons CBP be advanced for the execution of tbe present experlmart. * 1 

lluring tbe coursei~f an experiment (~sxwortby 1%) to measure tbe 

drag experienced by a sphere as it moved. slowly through a rotating, 

f luid,  it was found that tbe available law Reynolds number drag data0 

I 

I 

I without rotatbn, VCFE too inaccurate to be acceptable in Feducing tbe 

aew data. Aam the data plotted in Goldsteia (1937) or Perry (1950), 

it would appear that the presently available are sufficient to 

accurate3y answer eny reasonable p m b h  Ilovever, w k n  the originsl data 
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to an iaabjllity to ropqpeasate accurately for  vall affects. 

of e q x z m  determiaatiOn of fluid properties, etc., also increase 

Othe!r plrobfffmrs 

scatter beyond reasonable bounds. 

The preseat iavestlgation was undertalcen to remedy this situation and 
8 

to check the range of usdulness of the applicable asylqptotic theories in 

predicting the drag at Reynolas mrmbers of order unity. 

"matckd expmsiona" or "itmer and outer -ions" have been developed to 

These theories of 

a remarkable degree recently end ham been found usefur I n  a variety of 

circumstances. Tbe existence of at least one q r i m e n t a , l  check might well 

the sphere density, aud ff the fluid f. ~ b r e  a i~tbesphereradius, 

density* Tbis must be A o n 4 l m e n s ~ z e d  w i t h  respect to stokes drag 
i 

16 
1 

i .. 

I Ds = 
. 

(where 7 is the fluid klneraatic viscosity, U the eqUbrtum sphere velocity,. 

- f f ) i 3  2 
' and g the acceleration due to gravity) 80 that DIDs = 2 a (PS 

Pf yu 9 

and is a function of U a,/p tmly. For the values of sphere and contalrmr 1 
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Amatus and Bcpe rlmental Technique! 

I. Measurement of sphere fal lvelocity 
I Accurate ternperatawe control i s  essential to the! ~ B U C C ~ S S  of tbe 

it. 

(A) is f i l l e d  with a &ycerbe-vater mixture with nrrainnl 10 c.8. 

The w&& apparatus is constructed of Mite, Tbe main cyllnder 

viscosity at room tepqlperature, An outer, insulated cylinder (B) is 

the constant temperature water bath which keeps tbe fluid temperature 

constane to within 2 O.Ol°C. hrts prwlde access for ea accurate, 

calibrated thezwmeter, the Spaere retrieval systepp end the -re 

dispenser. Ei@ken sapphlre spheres of l/f&" nnminn'l diameter were 

used ita all teete. 

through tbe tm 40 cm test distances to 2 I./= sec. 

!Bey were dmpped and their rates of fall t h e d  

~qm-immts were 

performed at nine temperatures, and fifty-four individually tlmed intervale 

were taken at each; these were averaged and one value of sphere velocity 

obtained at each temperature. 
/ 

11. Measurement of sphere and fluid properties 

pour properties  lust be p~eaeured as.a~curately as tbe fall velocity; 

interferometric tecbnJ.que.  the^ -bere density was found by we- the . .  

+ -4 
eighteen spheres on a microbalance to - 1 x 10 grams, and dividing by 
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An O s t v a l d  viscometer, calibrated using standard I.B.S. viscometer 

oils, was used to measure f luid Viscosity at several -%ures 

within the range af tlre Ple aCCUZ'aCy Of fhis determinatioa 
# 

- 2 % .  ~ u v e r - ~ 8 l c c u r a c y ~ t h e t o t a ; l ~ i s b e t t e r t f u r n  

2 2$ under the worst CObDditiOills. 

Results and Conclusions 

Figure 2 mmpmarizes the results as concisely a6 possible. Several . 
' interesting conclusions can be drawn, 

of the previous eqm3ments, the over-all average curve is very close 

to the present deterplinstion at Reynolds numbers greater than lese 
at Reynolds anrmbers below this do serious differences arise. 

Despite the large*scatter of all 

Only 

Tbe approach 

to Re- 0 is the mst interesting in this regaxdo previous results suggest 

that the aqrproach ie v58 the Stoks &, whereas the present results sbrm 

a definite approach via t b  Oseen value. 

only applicsble at Re  = 0 itself, and not at any other finite Reynolds mrmber. 

Thus in reality Stokes drag is 

Depending on one1s--p6t of view, camparison with other theories appears to . 

be reasonable.  he Rxmdman-Pearson (1956) foxmula is accurate to ug 
/ 

to R = 0.65, but represents the trend with Re ratber poorly; w h i l e  the 

Goldstein (1929) forazula is accurate to 1s only u,p to Re = 0.45, but gives 

r 

a particularly good representation of the behavior of the drsg as Re- 0. . .  
Thus, it is the main conclusion of this  work tbat the formulae of Oseen 

and COldsteAn represent #e drag of a sphere mst accurately for Be 4 0.45, 

and tbat tbe addition of hi@er order terms adds very Uttle to the accuracy 

at Law l?eymUa mambers. 
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